Many species of hibernating mammals rely on hoarded food rather than body fat to support winter energy requirements. Here, we evaluate whether the associated ingestive and digestive requirements reduce the benefits that food-storing hibernators can accrue from torpor. Using a simple model, we predict (1) that digestive efficiency could either increase or decrease with increased use of torpor, depending on the Q 10 of digestion relative to the Q 10 of whole-animal metabolism and (2) that increased torpor will result in a linear decrease in energy consumption but an exponential increase in euthermic intake requirements. In 16 captive eastern chipmunks (Tamias striatus), the proportion of time that different individuals spent in torpor was highly variable ( ; 0.0%-86.3%), positively correlated with dry 29.8% ‫ע‬ 5.9% matter digestibility ( , ) and negatively cor-2 r p 0.53 P p 0.02 related with energy consumption ( , ). Thus, 2 r p 0.72 P p 0.002 by both increasing conversion efficiency and reducing energy requirements, torpor appears to provide a double benefit for energy conservation by food-storing hibernators. Despite this, a comparative analysis shows that the euthermic intervals of foodstoring rodents are four times as long and torpor intervals are half as long as that of fat-storing rodents. Given that required euthermic intake rates are expected to increase exponentially at high levels of torpor, the reduced torpor expression of foodstoring species may result from constraints on their ability to load enough food into the gut when euthermic to cover the energy requirements of the subsequent torpor cycle.
Introduction
Mammalian hibernation is a well-described physiological and behavioral adaptation that allows endotherms to abandon active foraging for prolonged periods while surviving entirely on stored energy (Lyman et al. 1982; Nedergaard and Cannon 1990) . Minimizing the rate at which stored energy is depleted during winter requires simultaneously minimizing energy expenditure and maximizing the efficiency of converting stored energy into metabolizable energy. Torpor expression accounts for a 10-to 30-fold reduction in energy expenditure (Nedergaard and Cannon 1990) , but all mammalian hibernators are characterized by repeated arousals from torpor during winter. Because arousals account for the vast majority of energy expenditure during hibernation, their frequency and duration are the primary determinants of winter energy requirements.
Although the majority of hibernation research has focused on fat-storing species, many species, from at least four rodent families (Cricetidae, Heteromyidae, Gliridae, Sciuridae), support hibernation energy requirements primarily with stored food (Vander Wall 1990) . Individuals of these species establish a food hoard in the hibernaculum before autumn immergence and then ingest and digest this food periodically during winter. Food-storage likely permits circumvention of the costs and storage capacity constraints associated with fat storage (French 1988; Witter and Cuthill 1993) , but the associated ingestive and digestive requirements may reduce the energy savings that can be accrued from torpor.
Although torpor expression is known to inhibit the muscular coordination required for food ingestion (Lyman et al. 1982) , very little is known about how torpor affects digestion in foodstoring hibernators. In fat-storing species, where the digestive tract plays a less important role in the extraction of energy from stored reserves, the digestive system undergoes a marked atrophy during hibernation (Carey 1995) . In contrast, foodstoring species must maintain digestive function throughout winter and therefore must sustain the energetic expense of maintaining a functional digestive tract (Secor et al. 1994; Cossins and Roberts 1996) . However, whether digestion actually occurs during torpor is unknown. Galluser et al. (1988) found that the intestinal enzymes of a food-storing hibernator (Cricetus cricetus) had higher activity during torpor than during euthermy, but activities were measured in vitro at 37ЊC, rather than at torpor body temperatures. The only documentation of assimilation rates at torpor body temperatures is by Carey (1990) , who reported that intestinal absorption in a fat-storing species (Spermophilus tridecemlineatus) was negligible at 7ЊC. In other organisms that would benefit from maintaining di-gestive function across a range of body temperatures, such as terrestrial ectotherms, digestibility per unit food residence time (sensu Yang and Joern 1994) is reduced by very low body temperatures but tends to be relatively temperature independent across the narrower range of body temperatures under which digestion normally occurs (relationships derived from data presented by Skoczylas 1970; Greenwald and Kanter 1979; Naulleau 1983; Van Damme et al. 1991) .
Torpor can also be expected to affect digestion indirectly through its effect on energy requirement and, hence, required throughput rate. The relationship between energy extraction and gut residence time is generally characterized by a MichaelisMenten saturating function (Sibly 1981; Penry and Jumars 1987; Karasov and Cork 1996; Jumars and Martínez del Rio 1999) . As a result, there is a trade-off between maximizing digestive efficiency and maximizing the net rate of digestive energy gain. Because small gains in digestive efficiency require large reductions in energy gain rate, observed digestive efficiencies are usually submaximal and therefore enhanced by increased retention time (i.e., reduced throughput rate). As a result, given that the pronounced energy savings associated with torpor will lead to associated reductions in throughput rate, torpor could actually enhance digestive efficiency.
In this study, we test the hypothesis that the ingestive and digestive requirements associated with reliance on stored food during hibernation reduce the benefits that can be accrued from torpor expression. We first construct a simple model to predict how digestive efficiency, energy consumption requirements, and euthermic intake rates are apt to vary with torpor expression, given alternate possible temperature effects on digestive function. We then investigate the relationships among these variables in a model food-storing hibernator, the eastern chipmunk (Tamias striatus). Finally, we compare the interspecific torpor patterns of food-and fat-storing hibernators to establish whether food-storing species are in fact characterized by reduced torpor expression during winter.
Material and Methods

Modeling Digestibility as a Function of Torpor Use
Digestive efficiency ("digestibility") is a combined outcome of the rate at which nutrients are digested and assimilated across the gut wall and the rate at which digesta passes through the gut. The exact relationship between throughput rate and digestibility differs according to the specific combination of digestive system and food type but is generally assumed to form a negative, saturating function such that low throughput rates are associated with high digestibilities.
We therefore assume that apparent dry matter digestibility, e, will vary with changes in effective throughput rate, r ef , according to a Michaelis-Menten saturating function:
where e max is digestibility at minimum throughput rate, K m is the half-saturation constant, and k is an analytical constant. Effective throughput rate can be estimated as 
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Relative digestive capacity, D x , can then be predicted according to
x 10 and substituted into Equation (1) to estimate Q 10 throughput rate. Most biochemical reactions have a Q 10 of 2-3 (Hochachka and Somero 1984) , and the Q 10 of metabolic rate in euthermic and torpid eastern chipmunks is 2.51 (Wang and Hudson 1971) . We therefore assumed D would vary according to this latter value for the Q 10 throughput model. To facilitate application of the model's predictions to our empirical data, we modeled the energetic costs of torpor in eastern chipmunks (Table 1) based on Wang and Hudson (1971) . Because the average length of eastern chipmunk torpor bouts has not been well quantified and appears to be extremely variable, we treated this and the percentage of time spent euthermic as variables (Table 1) . Because quantitative estimates of the relationship between throughput rate and e are not available, we used three different equations with different e max and k, but with shared solutions of for the effective e p 0.78 throughput rate associated with 100% euthermy ( 
Torpor Expression, Digestibility, and Food Consumption
Eastern chipmunks ( in 1997-1998, in 1998-1999 ) n p 6 n p 10 were livetrapped in September-October at the Gault Nature Reserve, Mont Saint Hilaire, Quebec, Canada (45.5ЊN, 73.1ЊW). Individuals were ear tagged before release in spring, permitting us to ensure that different individuals were studied in the 2 yr. Animals were housed individually in an on-site facility, in cages designed to mimic natural burrow systems (as described by Elliot 1978) connected to an aboveground area (Fig. 1) . The animals were provided with water, food, and nesting material in a simulated aboveground area, constructed from 3-mm melamine board and 6-mm hardware cloth and maintained under natural photoperiod. The four simulated hibernaculum chambers were constructed from inverted clear plastic rodent cages and 6-mm hardware cloth and located in a separate room maintained under red-light conditions. The simulated aboveground area and hibernaculum were connected with black, 50-mm ABS pipe. Room temperature in both areas was maintained at 15ЊC until late November, then reduced to C for the duration of the 7.0Њ ‫ע‬ 0.5Њ winter to approximate burrow temperatures in the field (M. M. Humphries, unpublished data).
Chipmunks were provided with red oak acorns (Quercus rubra) daily or every other day until mid-November, with the total amount provided (9,000 kJ, 550 g; Havera and Smith 1979) approximating estimated winter energy requirement for animals expressing torpor to the extent described by Wang and Hudson (1971) . Red oak acorns are an important natural food source for our study population and were collected locally in the autumn of 1997 and purchased from a seed supplier in the autumn of 1998 (Schumacher Seeds, Sandwich, Mass.). Dried tree leaves, which are used by free-ranging chipmunks to construct burrow nests (Elliot 1978 ; M. M. Humphries and D. L. Kramer, personal observation), were also provided. After several days in captivity, chipmunks spontaneously transported acorns and leaves to their simulated burrow, establishing larder hoards and nests similar to those described by Elliot (1978) . Typically, nests were constructed in the same chamber as the one in which the food was stored, although some chipmunks maintained separate hoarding and nesting chambers. Before November, chipmunks were also given a rodent chow supplement (in powdered form to prevent hoarding), providing a more diverse diet during the prehibernation period, when free-ranging chipmunks eat many types of food in addition to acorns (Elliot 1978) . After mid-November, no additional food was provided, forcing chipmunks to sustain energy requirements from their newly established acorn larder hoards. The size of larder hoards was assessed visually every week for the duration of winter; if necessary, additional acorns were provided to prevent animals from running out of food. Approximately half of the captive animals in each year required additional food in late winter or early spring. Before release in spring, animals were provided with ad lib. acorns, peanuts, and rodent chow for a 2-wk period. Ad lib. water was provided in rodent drinking bottles throughout the captive period.
Shortly after being brought into captivity, chipmunks were fitted with temperature-sensitive transmitters (model MD-2CT, Holohil Systems, Carp, Ontario) attached around the neck with a loop collar. Temperature-sensitive transmitters mounted next to the skin have been shown previously to provide a reliable index of core body temperature, with a usual accuracy of ‫2ע‬ЊC (Audet and Thomas 1996; Barclay et al. 1996) . Body temperature patterns were monitored throughout winter using a datalogging radio receiver (SRX-400-W-18, Lotek Engineering, Newmarket, Ontario), with individual temperatures being recorded once every 7 min.
Digestibility was measured during a continuous, 8-wk period in January-March 1998 and 1999. Provisioning captive chipmunks with a homogeneous, single food-type diet facilitated measurement of digestibility by the acid insoluble ash technique, as described and validated elsewhere (McCarthy et al. 1974; Speakman 1987; Van Leeuwen et al. 1996) . This technique is one of several natural digestive marker techniques that involve documenting the concentration of a nondigestible component of ingested food and the resulting concentration of this marker in feces (Robbins 1993) . At the time of original provisioning, we placed subsamples of food in adjacent, unoccupied cages, then collected these midway through the 8-wk sampling period. Fecal output was collected weekly from plastic sheets placed below the hardware cloth bottoms of cages. Food and fecal samples were frozen upon collection and later thawed and dried to a constant mass. Samples were then ashed and dissolved in 4 N HCl, and the resulting acid insoluble ash was dried to a constant mass.
Because the steady state assumptions used in most digestive studies cannot be met when studying animals with extreme temporal fluxes in ingestion rates, body temperatures, and gut clearance times, we calculated average digestiblity over relatively long time periods. Thus, the acid insoluble ash concentrations of each weekly fecal sample were averaged to yield a single, 8-wk value for each chipmunk. This value and the acid insoluble ash concentration of the food were then used to calculate average apparent dry matter digestibility, apparent dry matter digestibility (%) p
[ ] (acid insoluble ash) feces and food consumption, food consumption (g dry weight) p fecal output (g dry weight) ,
[ ] 1 Ϫ apparent digestibility for each chipmunk, after Robbins (1993) .
To examine the effects of torpor use on digestibility and energy consumption, we needed a single value per chipmunk that reflected the depth and duration of its torpor expression during the same 8-wk period. Thus, we converted T b data into a degree-day index by first designating each temperature record as euthermic or noneuthermic (entry, baseline, or arousal), using the method of Thomas (1995) , then correcting the euthermic records to a standard 38ЊC. Following this correction, averages of the ∼1,430 weekly temperature readings per individual (8.5 records/h) were then multiplied by 7 (d/wk), for a maximum possible value of 266 degree days (38Њ d). C # 7
Torpor Patterns of Food-and Fat-Storing Hibernators
We based our comparison of fat-and food-storing species on three variables that were readily available in the hibernation literature-maximum torpor bout length, minimum torpor body temperature, and average duration of intervening euthermic intervals. Hibernating species were identified based on Geiser and Ruf (1995) then assigned to food-or fat-storing categories based primarily on Vander Wall's (1990) extensive review of food hoarding in animals, coupled with a species-byspecies BIOSIS literature search for 1989-1999. Because all species classified as food-storing species were rodents, we limited our analyses to food-and fat-storing rodents. Species that combine extensive food hoarding with pronounced autumn fattening and/or the capacity to survive hibernation seasons without Figure 2 . Predicted effects of torpor use on (a) dry matter digestibility, (b) energy consumption, and (c) euthermic intake rate. Predictions were derived assuming 48-h torpor bout lengths, similar to patterns expressed by captive chipmunks (Table 2) , but unlimited and 24-h bout lengths yield similar predictions. Torpor use is expressed as weekly degree days, and thus the maximum and minimum values are 266 (38ЊC # 7 d) and 105 (15ЊC # 7 d), respectively. The three curves represent different assumptions about how digestion is related to body temperature. Euthermic throughput assumes digestion only occurs during euthermic periods, Q 10 throughput assumes digestion occurs at all temperatures but at a rate predicted by metabolic Q 10 , and total throughput assumes digestion occurs at temperature-independent rates. access to food (e.g., Glis glis, Eliomys quercinus, Muscardinus avellanarius) were excluded from the analysis. Although several Spermophilus spp. are known to hoard food, all were classified as fat-storing hibernators because they are thought to ingest their hoards in nature primarily during the emergence period (Vander Wall 1990; Michener 1993) .
Data on maximum torpor bout length and minimum torpor T b were obtained entirely from Wollnik and Schmidt 1995; Waßmer and Wollnik 1997) . We first evaluated whether the torpor variables were significantly related to body size and then proceeded to compare torpor patterns of food-and fat-storing species on a mass-specific or mass-independent basis.
Results
Predicted Relationships between Torpor, Digestibility, and Energy Consumption
As illustrated in Figure 2a , the model predicts different effects of torpor expression on digestive efficiency according to how assimilation rate is affected by torpor. If digestion occurs only during euthermic intervals (euthermic throughput), digestibility should decline exponentially with increased torpor. In contrast, if digestion is completely temperature independent (total throughput), digestibility should increase linearly with increased torpor use. Finally, if assimilation rate varies with temperature at a rate equivalent to the Q 10 of whole animal metabolism (Q 10 throughput), then digestibility should remain relatively constant with changes in torpor expression. The digestibility values presented in Figure 2 were generated assuming 48-h torpor bout lengths and e versus r ef (Table 1, Eq. [1b]), but the general forms of the predicted relationships are unaffected by changing either variable. However, because the quantitative relationship between e and r ef is not known, the predictions in Figure 2a are qualitative rather than quantitative. Combining the expected effects of torpor use on energy requirement and digestibility predicts, in general, a negative, linear relationship between torpor expression and energy consumption, regardless of the effects of torpor on digestion (Fig.  2b) . The sole exception is that, if digestion occurs only during euthermic intervals (euthermic throughput), energy consumption may begin to plateau and slightly exceed predicted total throughput and Q 10 throughput consumption, at very high levels of torpor expression (left-hand side, Fig. 2b, shaded  triangle) .
Despite the predicted negative linear relationship between torpor and energy consumption, high levels of torpor expression are predicted to require extremely high euthermic intake rates (Fig. 2c) . This occurs because of the pronounced costs of arousals; as more torpor is expressed, the proportional reduction in euthermic time exceeds the proportional reduction in required energy consumption. The relationship presented in Figure 2c is linearized ( ) with the following transfor-2 r p 0.95 mation: 
Torpor, Digestibility, and Energy Consumption in Captive Chipmunks
The torpor patterns expressed by captive chipmunks were very different in the 2 yr of study ( Individual averages of dry matter digestibility ranged from 75% to 91% and were positively correlated with torpor expression (Fig. 3a) . Fitting a linear model to the data indicates a significant, negative relationship between degree days and digestibility ( , , ) . This positive ef-2 r p 0.53 F p 9.0 P p 0.017 1, 8 fect of torpor on digestibility is consistent with predictions of the temperature-independent digestion model but not the negative exponential relationship predicted by the euthermic digestion model or the absence of a relationship predicted by the Q 10 digestion model (Fig. 2) . In 1998, the limited range of torpor expression and digestibility were not significantly related. Estimated euthermic intake rate ranged from 0.08 to 0.31 g/h in 1998 and 0.13 to 0.28 g/h in 1999, except for one individual in 1999 that expressed the second most torpor and had a much higher euthermic intake rate (0.64 g/h; Fig. 3c ). Regressing euthermic intake rate against transformed degree days (see Eq.
[10]) did not yield significant relationships for either year (1998: , , ; 
2 r p 0.13 F p 2.0 n p 16 P p 0.18 1, 14
Torpor Patterns of Food-and Fat-Storing Hibernators
As reported by French (1985) , the length of average euthermic interval is positively related to body size in fat-storing hibernators, and this remains the case if only rodents are included in the analysis ( , , ; significantly greater than that which characterizes fat-storing rodents (0.60 vs. 0.29, , ; Fig. 4a ). The pret p 13.3 P ! 0.0001 dicted euthermic interval for a 100-g food-storing hibernator (23.1 h) is four times greater than that predicted for a similarsized fat-storing species (5.8 h). There was no significant relationship between body size and the maximum duration of torpor bouts, but maximum durations for fat-storing rodents were significantly longer than for food-storing rodents (t p 14 ,
; Fig. 4b ). The two groups did not differ in min-3.7 P p 0.001 imum torpor T b (food storers, C vs. fat storers, 3.2Њ ‫ע‬ 1.1Њ C; , ). 3.4Њ ‫ע‬ 1.4Њ t p 0.38 P p 0.71 Comparison of torpor patterns in food-and fat-storing hibernators. a, Relationship between body mass and average euthermic interval in food-and fat-storing species. Each point represents a species, with values based on averages from multiple individuals from one or more studies. Least squares regression equations are log(euthermic interval, h) p 0.16 ϩ 0.60 # log(body mass, g) for food-storing species and log(euthermic interval, h) p 0.18 ϩ 0.29 # log(body mass, g) for fat-storing species. b, Maximum torpor bout length in food-and fat-storing species. Values indicate averages ‫ע‬ SE of four food-storing and eight fat-storing species.
Discussion
We used a simple model that combines the known effects of torpor on energy requirement with the hypothesized effects of retention time on digestive efficiency to predict how torpor might affect digestibility in food-storing hibernators. If digestive function occurs only during euthermic periods, digestibility should decrease exponentially with increased torpor. If digestion occurs during torpor but at a rate similar to the Q 10 of whole-animal metabolism, digestibility should remain relatively constant with increasing torpor use. Finally, if digestion occurs during torpor at a temperature-independent rate, digestibility should increase linearly with increased torpor. Despite these divergent expectations, increased torpor expression was always expected to lead to linear declines in energy consumption and exponential increases in euthermic intake rates.
Although our model was constructed using parameters specific to eastern chipmunk hibernation (Wang and Hudson 1971) , the qualitative predictions should also apply to other food-storing hibernators. Predicted relationships were little affected by changing assumptions about maximum torpor bout length or the degree to which digestibility decreases with throughput rate. Furthermore, food-storing hibernators are all small-to-medium sized, granivorous rodents and experience similar energetic consequences of torpor. Thus, in general, we predict that (1) reduced digestive efficiency will be a cost of torpor for food-storing hibernators only if digestion is limited to euthermic intervals, (2) increased digestive efficiency will be a benefit of torpor for food-storing hibernators if digestive rate Q 10 is lower than whole-animal metabolism Q 10 , and (3) that regardless of the Q 10 of digestion, increased use of torpor will lead to reduced energy consumption but increased euthermic intake requirements.
The empirical results for eastern chipmunks indicate that torpor use and digestibility are positively related; individuals that expressed the most torpor also achieved the highest digestive efficiencies. By leading to both reduced energy expenditure and increased efficiency at converting stored energy into metabolizable energy, torpor expression appears to offer a twofold advantage in reducing overwinter energy consumption by food-storing hibernators. As a result, torpor may actually be more beneficial for food-storing species than for fat-storing species, whose conversion efficiency is unlikely to be enhanced by torpor expression.
Based on model predictions, a positive relationship between digestibility and torpor use is inconsistent with digestion occurring only during euthermic intervals and is consistent with assimilation rates that are independent of, rather than proportional to, body temperature. Thus, unlike fat-storing hibernators (Carey 1990 ) but similar to many eurythermal ectotherms (e.g., Van Damme et al. 1991; Harrison and Fewell 1995) , food-storing hibernators may be capable of maintaining digestive function across a broad range of body temperatures (Hochachka and Somero 1984) .
Although it is plausible that food-storing hibernators could maintain digestive function while in torpor and a positive relationship between torpor use and digestibility is an expected consequence of this ability, this result needs to be interpreted with caution. Because our design was based on natural variation in torpor use, it remains possible that the observed relationship between torpor use and digestibility is due to other factors. A more detailed examination of thermal effects on digestive function in food-storing hibernators will help to reveal whether the physiological capacity necessary to account for this relationship does in fact exist.
Although the torpor patterns of food-storing hibernators are known to be highly variable (Wang and Hudson 1971; French 1989; Waßmer and Wollnik 1997) , the causes of this variation are poorly understood and may be partly related to captive conditions. Nevertheless we have recently documented that torpor expression by free-ranging eastern chipmunks can be equally variable and is strongly affected by food hoard size (M. M. Humphries, unpublished data). Thus, the consequences of a wide range in torpor expression have direct relevance to freeranging populations.
We also do not know why torpor expression varied so much between the 2 yr of study. Chipmunks were provided with similar food hoard sizes in both years, and although the source of food differed (commercially vs. wild-collected red oak acorns), subtle variation in food type seems unlikely to account for the pronounced differences in torpor expression. The reduced torpor expression in 1998 is more likely related to an extreme ice storm in early January that caused a prolonged power failure at our captive facility leading to fluctuation in cold room temperature and other disruptions. Nevertheless, the focus of this study was not to investigate why captive torpor expression varies but rather to capitalize on this variability to examine the consequences of torpor on digestion. We emphasize the data from the second year when enough torpor was expressed to examine its consequences, but the results remain unchanged if data from both years are considered collectively.
Given that torpor expression appears to offer a twofold benefit, why do food-storing hibernators express so much less torpor than fat-storing hibernators? Our comparative analysis indicates that the euthermic intervals of food-storing hibernators are four times as long, and torpor intervals are half as long, as similar sized fat-storing species. If a 100-g food-storing hibernator and a 100-g fat-storing hibernator both expressed average euthermic intervals and maximum torpor bouts throughout a 6-mo hibernation season, the food storer would spend approximately 11% of the winter in euthermy and need to arouse 21 times, compared to 1.6% euthermy and 12 arousals by the fat storer. Assuming energetic costs of torpor and euthermy similar to those experienced by eastern chipmunks (Wang and Hudson 1971) , the reduced torpor expression by food-storing species would lead to a ∼4,000 kJ increase in winter energy expenditure, which is equivalent to the energy contained in 200-g of hoarded tree seed or 105-g of body fat (Robbins 1993) .
We suggest that maximum torpor expression by food-storing hibernators may be imposed by ceilings on maximum rates of ingestion or stomach clearance during euthermy. Although torpor and digestion may be compatible, torpor and food ingestion are not. Thus, during euthermic intervals, food-storing hibernators must ingest sufficient food to cover the total costs of euthermy, entry, torpor, and the subsequent arousal. Because increased torpor leads to a greater proportional reduction in euthermic time than total energy requirements, high levels of torpor are associated with exponential increases in required euthermic intake rates. Because stomach volume is limited, loading enough energy into the intestine during euthermic intervals may require delaying reentry into torpor until the stomach can clear multiple meals.
Our data provided little evidence of an increase in euthermic intake rate with increasing torpor, but the key issue is how euthermic intake requirements would vary with torpor beyond the maximum levels expressed by food-storing species. Our model predicts that if a 100-g food-storing hibernator expressed torpor to the same extent as the hypothetical 100-g fat-storing hibernator discussed above (5.8-h and 350-h euthermic and torpor intervals, respectively), 275 kJ of energy would need to be ingested during each 6-h euthermic interval (47 kJ/h). Even if the food-storing hibernator achieved digestibility in excess of 90% and had a hoard consisting of high-energy tree seed, expressing torpor to this extent would require a euthermic ingestion rate four times greater than the maximum observed in this study.
However, given the pronounced flexibility in torpor expression by food-storing hibernators, constraints on maximum torpor expression may be important only during specific, energylimited circumstances. In other words, food-storing hibernators may normally express less torpor than fat-storing species simply because the size of their energy reserves tends to be larger (French 1988) . While there is no clear upper limit to the potential size of food hoards, fat stores rarely exceed 40% of body mass, suggesting that structural constraints, predation risk, or other fitness costs (sensu McNamara and Houston 1990) impose an upper limit on energy reserves in fat-storing hibernators (French 1988 ).
In conclusion, our results provide the first evidence that food-storing hibernators continue to digest when in torpor and that, as a result, increased torpor leads to both increased digestive efficiency and reduced energy requirements. Further insight into the effect of torpor on digestion in these organisms requires more direct documentation of the effects of temperature on enzyme activities and intestinal assimilation rates. If assimilation rates do indeed remain relatively constant across the 30ЊC range in body temperature between euthermy and torpor, documenting the enzymic adaptations that facilitate this remarkable temperature tolerance would be clearly interesting. Although reduced digestive efficiency does not appear to be a cost of torpor, food-storing hibernators have much longer euthermic intervals and much shorter torpor intervals than fatstoring species. Euthermic intake requirements may limit maximum torpor expression by food-storing hibernators, but this effect may only be important and observable under energylimited circumstances.
